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INTRODUCTION 

I n  a t y p i c a l  pulping process ,  approximately one-half of t h e  

raw material is  converted t o  pulp and t h e  o t h e r  ha l f  i s  d i s so lved  i n  

t h e  spen t  l i quor .  I n  t h e  United S t a t e s ,  n e a r l y  a l l  o f  t h e  spen t  l i q u o r  

i s  concentrated and burned t o  provide p a r t  of t h e  energy f o r  t h e  p l a n t .  

One p o t e n t i a l  method of u t i l i z i n g  t h e s e  l i q u o r s  is t o  produce gaseous 

products  f o r  f u e l s ,  chemicals,  and o t h e r  a p p l i c a t i o n s .  Th i s  sugges t ion  

i s  based on t h e  fol lowing reasons: 

b l ack  l i quor  is w e l l  d i spe r sed ,  (2) t h e  black l i q u o r  contains  consider-  

a b l e  amount of a l k a l i  metals, which are known t o  have e x c e l l e n t  c a t a l y t i c  

e f f e c t  on g a s i f i c a t i o n ,  and (3) t h e  concentrated b l ack  l i q u o r  con ta ins  

about 40 t o  60 pe rcen t  of water, which can be converted to  steam €or  t h e  

carbon-steam g a s i f i c a t i o n  r eac t ion .  

(1) the carbonaceous m a t e r i a l  of 

Because of t h e  presence of carbonaceous m a t e r i a l  and water  i n  

t h e  black l i q u o r ,  it is suspected t h a t  t he  fol lowing water-carbon reac- 

t i o n s  would predominate: 

C + H20 + CO + H2 

CO + H20 + C02 + H2 
(1) 

(2 )  

Normally, t h e  hydrogen concentrat ion i n  t h e  product gas should not  excccd 

a c e r t a i n  l i m i t  imposed b y  thermodynamic e q u i l i b r i u n .  For e-,lmi,Ic, f o r  

a t y p i c a l  sodiuni-base spent  l i q u o r ,  t he  hydrogen concen t r a t ion  i n  t hc  

py ro ly t i c  g a s i f i c a t i o n  products  a t  1000 K an$ ambient p re s su re  w i l l  not 

exceed 60 percent  i n  volume (1). However, i n  the presence of a CO - 
removal reagent ,  such as NaOH or  CaO, e t c . ,  t h e  equ i l ib r ium can be s h i f t e d  

2 
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t o  d r ive  r eac t ion  (2)  toward completion. 'This would maximize thc l ivdro-  

gen y i e l d ,  and, a t  the  same time, reduce CO and CO 

the  product gas. 

concent ra t ions  i n  2 

The f e a s i b i l i t y  of u t i l i z i n g  the  spent  l i q u o r  v i a  p y r o l y t i c  

g a s i f i c a t i o n  a t  nea r ly  atmospheric p re s su res  has been demonstrated by 

Prahacs e t  a1  (I)' (*I .  
h ighes t  y i e l d s  of hydrogen and carbon monoxide. 

i n ' t h e  product gas  was g e n e r a l l y  i n  t h e  range of 50-60 percent  by 

volume. The o b j e c t i v e  of  t h i s  paper is t o  demonstrate exper imenta l ly  

the  t echn ica l  f e a s i b i l i t y  of producing hydrogen-rich gas by p y r o l y t i c  

g a s i f i c a t i o n  of b l ack  l i q u o r .  

removal reagent f o r  convenience of handling i n  a mic ro reac to r  used i n  

t h i s  s tudy .  

They concluded t h a t  t h e  Na-base l i q u o r  gave 

However, t h e  hydrogen 

Sodium hydroxide w a s  s e l e c t e d  a s  a C02- 

EXPERIMENTAL 

The g a s i f i c a t i o n  experiments were conducted i n  a ba tch  r e a c t o r  

system as shown i n  F igu re  1. 

inch  Inconel p ipe  (I.D. 0.742", O.D. 1.050"). H e l i u m  was used as an  i n e r t  

tracer t o  provide a m a t e r i a l  ba lance  from which g a s i f i c a t i o n  y i e l d  w a s  

es t imated .  

The r e a c t o r  w a s  made of a 12-inch-long 3/4- 

I n  a t y p i c a l  experiment,  t he  r e a c t o r  w a s  brought t o  t h e  s e l e c t e d  

r eac t ion  temperature,  evacuated, and then p res su r i zed  t o  20 ps ig  with 
helium. 

t y p i c a l l y )  was loaded i n t o  t h e  sample r e s e r v o i r  through V5 b y  means of a 

hypodermic syr inge  and V5 w a s  closed. 

sample i n  the r e se rvo i r  was pressur ized  t o  300 Vsig w i t h  argon ( t o  serve  

as p i s ton  g a s )  and i s o l a t e d  by c los ing  V 4  before  thc  water w a s  €orced 

i n t o  the heated r eac to r  by opening va lve  V6 and immediatelv closinp i t .  

This provided a steam enviroivnent fo r  g a s i f i c a t i o n .  W i t h  the  same pro- 
cedurc,  a measured amount of black Liquor (2 .0  cc) was tllcn in j ec t cd  i nLo  

the  s team-f i l led  r e a c t o r ,  except t h a t  600 ps ig  o f  helium prc!.;surc ~ m s  

With va lves  V6. and V7 c losed ,  a measured amount of water (0.5 c c ,  

The f r e e  snace above the  water 
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used a s  a p i s t o n  gas. Vaporization of the  s o l u t i o n  took o l ace  almost 

instantaneously.  After the predetermined r e a c t i o n  per iod,  the products  

were co l l ec t ed  by opening va lves  V7 and V10 t o  t r a n s f e r  t h e  sample t o  

t h e  c o l l e c t i o n  cy l inde r .  The c o l l e c t e d  gaseous r e a c t i o n  products  were 

analyzed by gas chromatography and mass spectroscopy.  

A l l  expe r imen ta l  tests t o  b e  d i scussed  i n  t h i s  paper  were 

conducted a t  800 C. Two minutes  were s e l e c t e d  as t h e  r e a c t i o n  t ime. 

The sodium-base black l i q u o r  used i n  t h i s  s tudy  contained 

15.6 percent  by weight o rgan ic  carbon. To i n v e s t i g a t e  the a d d i t i o n  of 

CO -removal r eagen t ,  v a r i o u s  amounts of sodium hydroxide were added 

t o  t h e  l i quor  at  N a / C  mole r a t i o s  of 0.00, 0.38, 0.77, and 1.15, where 

N a  is moles of added s o d i m  and C is moles of o r g a n i c  carbon i n  t h e  

l i q u o r .  

2 

The r e s u l t s  from t h e  above-mentioned experiments are shown i n  
Table 1 and Figures  2 and 3. The degree of g a s i f i c a t i o n  w a s  e s t ima ted  

by assuming t h a t  hydrogen and carbon d iox ide  is  produced according t o  

the carbon steam reac t ion :  

c + 2H20 + co2 + 2R2 
Therefore ,  f o r  every t w o  moles of hydrogen produced, one mole of o rgan ic  

carbon i n  the b l a c k  l i q u o r  should be g a s i f i e d .  

formed would r e a c t  w i th  NaOH t o  form sodium ca rbona te ,  up to t h e  l i m i t  

imposed by the q u a n t i t y  of NaOH added and/or a l r eady  p r e s e n t  i n  the 

black l i quor .  The fol lowing obse rva t ions  were made: t h e  main r z a c t i o n  

products  were found t o  b e  hydrogen, methane, carbon d iox ide ,  and carbon 

monoxide; very sma l l  amounts of C,-C hydrocarbon ( r a r e l y  excecdina 1.3 - 6  
percenL toLal) w r e  observed; t h e  concenLrntion of hydrogcn L n  Llie 

gaseous products was ve ry  high i n  a l l  expcriments ,  ranging from 62 t o  

88 volume percent .  

The carbon d iox ide  t h u s  
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TABLE 1. RESULTS OF PYROLYTIC GASIFICATION 
OF BLACK LIQUOR 

Run No. PG-01 PG-02 PG-03 PG-04 

Temp (C) 800 800 

Na/C Mole Ratio in Feed‘’) 0.00 0.38 

Product Yield (g-mole/lOOO cc of as-received liquor) 

HZ 

cH4 

co 

‘ZH4 

‘ZH6 

C3H6 

‘3% 

‘6”6 

Product Composition ( X )  

HZ 

CH4 

c02 

co 

‘ZH4 

‘ZH6 

C3H6 

C3H8 
C6H6 

Percent G3s if i c a  t i o n  
(based on carbon i n p u t )  

6.85 

0.45 

1.88 

1.69 

0.008 

0.039 

0.002 

NIL 

0.005 

62.4 

4.1 

17.1 

15.4 
0.07 

0.35 

0.01 

NIL 

0.6 

100.33 

40.  n 

11.96 

0.36 

2.70 

1.30 

0.012 

0.087 

0.007 

0.005 

0.12 

72.3 

2.2 

16.3 

7.9 
0.07 

0.53 

0.04 

0.03 

0.72 

100.09 

6A. 0 

800 

0.71 

16.77 

0.40 

2.01 

1.00 

0.007 

0.012 

0.003 

NIL 

0.077 

82.7 

2 .0  

9.9 

5.0 
0.03 

0.08 

0.02 

NIL 

0.38 

100.L1 

7 2 . 5  

800 

1.15 

18.35 

0.12 

1.90 

0.42 

NIL 

0.051 

0.006 

NIL 

0.08 

87.7 

0.57 

9.1 

2.0 

NIL 

0.24 
0.03 

NIL 

0.38 

LOO. 02 

7 5 . 0  

-_ 

- 
(1) Na-content refers t o  the amount of NaOH added to the liquor. 

C-content is 15.6 w t  %. 
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There are . tk-o s t r i k i n g  e f f e c t s  of  tile added caus t i c  soda on  

t h e  g a s i f i c a t i o n  of black l i quor .  The f i r s t  i s  the  product -gas d i s t r i -  

bu t ion ,  and t h e  second is the t o t a l  g a s i f i c a t i o n  y i e l d .  As shown i n  

Figure 2,  the  hydrogen content  of t h e  gas  increased  w i t h  i nc reas ing  

N a / C  r a t i o ;  about 88 percent  of hydrogen w a s  ob ta ined  wi th  N a / C  r a t i o  

of 1.15 a s  compared t o  62 percent  when no f r e e  NaOH ( N a / C  = 0.00) was 

added t o  t h e  b lack  l i q u o r .  Also, t h e  CO and CH concent ra t ions ,  i n  

gene ra l ,  decreased p rogres s ive ly  w i t h  inc reas ing  N a / C  r a t i o .  

g a s i f i c a t i o n  y i e l d  as a func t ion  of Na/C r a t i o  i s  shown i n  Figure 3. 

S i g n i f i c a n t  i n c r e a s e s  i n  t o t a l  g a s i f i c a t i o n  y i e l d  with inc reas ing  Na/C 

r a t i o  were observed. About 76 percent  of conversion can be obtained at 

Na/C of 1.15, as compared t o  40 percen t ,  when no f r e e  NaOH was added 

t o  t h e  b lack  l i quor .  Th i s  sugges ts  t h a t  t h e  added a l k a l i  metal  g r e a t l y  

enhances t h e  g a s i f i c a t i o n  r eac t ion .  

4 
The t o t a l  

I n  conclus ion ,  t h e  production of hydrogen i n  concent ra t ions  

g r e a t e r  than 85 pe rcen t  i n  the  gas  from p y r o l y t i c  g a s i f i c a t i o n  of b l ack  

l i q u o r  i s  t e c h n i c a l l y  f e a s i b l e .  The a d d i t i o n  of c a u s t i c  soda t o  t h e  

b lack  l i quor  not  on ly  enhances the  g a s i f i c a t i o n  r e a c t i o n ,  bu t  a l s o  

inc reases  t h e  hydrogen concen t r a t ion  i n  t h e  product gas.  

such as ca lc ined  l imes tone  o r  dolomite,  may be s u b s t i t u t e d  f o r  t he  

c a u s t i c  soda. 

Other r eagen t s ,  

Thus, a waste m a t e r i a l ,  which p resen t s  a d i sposa l  problem and 

a p o t e n t i a l  p o l l u t i o n  hazard ,  can be converted t o  products  for  u s e f u l  

f u e l s ,  chemical feeds tocks .  and/or app l i ca t ions .  
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